Summary A male sterile-female fertile mutant of Uraria picta (Jacq.) DC. (Family-Leguminosae, Papillionoidae), possessing dwarf habit, normal chromosome behaviour at meiosis and 100.0% sterile pollen grains (1.00% EMS, 6 h; 0.16% over the M 2 mutant population), was identified and it segregated into 4 normal and 3 mutant plants at M 3 (70 seeds sown, 11 plants germinated, but 7 survived till maturity). Out of 3 mutants, 1 plant showed abnormal meiosis, 100.0% sterile pollen grains with size variations and in some cases pollen grain agglutination, and the other 2 plants instead showed normal meiosis and 100.0% sterile pollen grains; these were designated as MS 1 and MS 2 respectively. Meiotic chromosome analysis and studies of pollen grains (pollen viability tests: Lugol's Iodine, Aniline blue, x-gal, Amido black, TTC, Neutral red and Methylene blue; DAPI staining for pollen nuclei; SEM analysis) in relation to untreated control revealed possible differential gene behaviour in MS 1 (evident in microsporogenesis as well as microgametogenesis) and MS 2 (microsporogenesis only). Male sterility is a non-structural nuclear type (monogenic recessive-ms 1 ms 1 ) and is being reported for first time in the species.
Genetically controlled male sterile-female fertile plants, natural or induced, are widely reported in different plant species stating their implications for efficient breeding and crop improvement. Further, such plant types, depending upon their crossability, would be useful for the conservation of desirable gene(s). Genetic male sterility arising as the consequence of mutation was reviewed in angiosperms and it was reported that the male sterile lines of different plant species, though morphologically non-differential to wild, formed totally sterile pollen grains due to the action of genes at pre-meiotic, meiotic or post-meiotic stages (Gottschalk and Kaul 1974, Skibbe et al. 2002) . Daskalov et al. (2007) reported sporogenous male sterility in tomato and pepper and the mutants deviate from wild genotype in the absence of fertile pollen grains, and pollen abortion or breakdown was due to gene action controlling meiosis. The uniqueness of meiosis is that it is genetically programmed by a set of gene(s) which are sex-, time-, site-and stage-specific (Graybosch and Palmer 1988 , Kaul 1988 , Skorupska and Palmer 1990 , Twell et al. 1991 , Nirmala and Kaul 1993 , Palmer 2000 , Datta and Saha 2001 , Ranganath 2005 , and mutations distorting the harmonious combination of the universality of male meiotic gene(s) may result in the non-development of functional pollen grains. The present communication describes an EMS-induced male sterile-female fertile mutant screened at M 2 and its progenies at M 3 of Uraria picta (Jacq.) DC. (Family-Leguminosae, Papillionoidae), an important herb in Ayurvedic medicine (Ayurvedic name: Prishni parni). The basic objective of the work is to study the expression of male sterility in relation to meiosis, as such plant type is reported for the first time for the species.
Material and methods
During the course of the meiotic studies of M 2 mutagenized population (dry seeds, source: Medicinal Plant Garden, Narendrapur Ramkrishna Mission, Govt. of West Bengal, India; moisture content 11.6%; treated with ethyl methane sulphonate (EMS), diethyl sulfate (dES) and hydroxylamine (HA); treatments: 0.25%, 0.50% and 1.00% for 3 and 6 h durations each), a dwarf plant (1.00% EMS, 6 h; 0.16% over the M 2 mutant population) possessing 100.0% sterile pollen grains (assessed following 1.0% acetocarmine staining technique, (Marks 1954) ; fully stained pollen grains were considered fertile) was screened. Meiotic configurations assessed (as suggested by Bhattacharya and Datta 2010a) in the marked plant were cytologically normal and alike to control. The male sterile plant formed pods (grey pods yielded viable seeds and black pods set nonviable seeds (Bhattacharya and Datta 2010b) ) and set viable seeds on open pollination (controlled pollination is rather difficult due to its reproductive biology), thereby indicating female fertility of the marked plant.
A total of 70 good filled seeds were sown in M 3 (maintaining similar spacing between plants and rows) generation, out of which 11 plants germinated (15.7%) and only 7 survived. All the plants were assessed cytogenetically and it was noted that 4 plants were alike to control in relation to meiotic chromosome behavior and pollen fertility (range 81.7% to 83.6%), whereas the other 3 plants were dwarf with 100.0% sterile pollen grains. It was interesting to note that out of the 3 male sterile plants, 2 displayed normal meiotic chromosome behavior; while the other showed abnormal meiosis along with pollen grain agglutination. Therefore, the control, male sterile mutant (M 2 ) and male sterile plants (M 3 (type I: abnormal cytology and 100.0% pollen sterility; type II: normal cytology and 100.0% pollen sterility)) were designated as C, MS, MS 1 and MS 2 respectively. 
Results

Morphology
Analysis of the morphological parameters (Table 1) revealed that the male sterile plants were dwarf with short sized leaflets and inflorescences; while other traits were comparable to untreated control. Androecium and gynoecium were structurally identical in both control and mutant plant types. Anther ovoid, 2-celled, dorsifixed, dehiscence longitudinal-latrose, glabrous, yellowish (16112, color confirmed from British Atlas of Colour, 9th Edt., 2007) . Ovary linear, ovules in marginal placentation, glabrous, yellowish green (18961); style 1 terminal, erect, slender, hairy, creamy yellow (16223), bent at right angle, curved part glabrous more yellowish (16212); stigma peltate to rounded, glabrous yellowish (16119). Percentage of grey pods was noted to be 94.01 in control, 86.0 in MS, 78.4 in MS 1 and 81.8 and 88.4 in MS 2 . Seed sizes were alike in male sterile plants.
Segregation
Seeds of the MS plant (produced due to open pollination) sown at M 3 segregated into a close fit (4 normal, 3 male sterile, x 2 ϭ0.14, DFϭ1, pϾ0.70) of 1 : 1 (although plants scored were very low) ratio suggesting possible monogenic recessive inheritance of the mutant trait.
Cytology
The untreated control formed 2nϭ22 chromosomes always at metaphase I ( Fig. 1) (Fig.  4) , multiple nuclei (Fig. 5) , disorganized chromatin bodies (Fig. 6) , uncondensed chromatin attached to cell membrane (Fig. 7) , desynapsis (Fig. 8) , hypoploid chromosome number, persistent nucleolus, trisporic condition and cytomixis. Only a few AI cells (12 cells) could be assessed in MS 1 and most of them (81.8%; the rest showed unequal groupings, Fig. 9 ) were cytologically balanced (11/11).
Pollen studies
Acetocarmine stainability was 94.80% in control compared to 0.0% in all male sterile plant types (Figs. 10-12 80, tϭ3.486, pϽ0.05, DFϭ8; meanϭ37.6 mmϮ1.20, tϭ5.22, pϽ0.05, DFϭ8) , agglutinated and with size variations (Fig. 11) .
Under light microscope (following acetolysis technique (Erdtman 1960) ) the pollen grains in all the plant types including control were tricolporate and the shapes were subprolate with smooth surfaces; colpi extended upto the pole, pore lalongate, exine smooth (thickness: C-0.41 mmϮ0.06, MS 1 -0.42 mmϮ0.04, MS 2 -0.41 mmϮ0.08). SEM analysis of pollen grain surfaces of C, MS 1 and MS 2 were nearly similar (Figs. 13-15 ). Pollen surfaces showed longitudinal raised lines as verrucose appearance. In control and in MS 2 verrucose lines were more distinct than MS 1 (Figs.  13-15) . Figs. 4-9-MS 1 ). 1) 1 IVϩ9 II (2nϭ22) at MI. 2) 10 IIϩ2 I at MI. 3) 11/11 AI separation of chromosomes. 4) Two unequal and differentially condensed nuclear bodies. 5) Formation of multiple nuclei. 6) Disorganized chromatin bodies. 7) Uncondensed chromatin adhered to cell membrane. 8) 22 I at diplotene. 9) Unequal groups of chromosomes at AI. Quadrivalent (➜) and univalents (➞) are marked. Scale barϭ10 mm.
Pollen viability
Different staining methods were used to assess the viability of pollen grains in control, MS 1 and MS 2 with an objective to differentiate the plant types in relation to enzyme activity, protein, carbohydrate and cytoplasmic contents. The results obtained are presented in Table 2 . Data reveals that both MS 1 and MS 2 were metabolically deficient to control, although MS 1 and MS 2 showed minor variations between themselves.
DAPI staining of pollen nuclei
Results of DAPI and measurement of nuclei (Table 3) showed that about 87.96% of the pollen grains in the control are with 1vϩ2g ( Fig. 16 ) configuration (normal) as compared to 0.0% in both MS 1 and MS 2 . However, MS 2 had 1vϩ1g (Fig. 17) in 92.31% pollen grains in comparison to 6.31% in MS 1 . Majority (81.77%) of the microspores in MS 1 were with 1vϩ0g (Fig. 18) . Multiple generative nuclei (3 to 4) were also observed (Fig. 19 ) in MS 1 (0.56%). Dispersed vegetative nuclei were studied in all the 3 plant types in low frequency. Generative nuclei were in general condensed structures and of smaller size in MS 1 and MS 2 than the control. 2011 
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Discussion
Male sterile-female fertile mutant plants arising as the consequence of mutation are of a nonstructural nuclear type (Johns et al. 1981) , as evidenced by morphological studies, and male sterility seems to be monogenic recessive (ms 1 ms 1 ) to male fertility (functional male sterility type II- Gottschalk and Kaul 1974) . The differential behaviour of MS 1 and MS 2 plant types at M 3 as studied from meiotic chromosome behaviour and pollen grain analysis is notable. Temporal and spatial gene action is reported for anther-specific genes in tomato, tobacco and other plant species (Goldberg 1988 , Li et al. 2008 . Anther-specific genes were reported to be controlled by a mosaic regulatory programmes which were partitioned with respect to both cell type and development time (Drews and Goldberg 1989, Yang et al. 2001) . Van Tunen et al. (1989) suggested the role of a highly conserved region, the 'anther box', regulating the anther-specific gene expression, while Desplan et al. (1985) were of the opinion that locus specific mutation may alter the regulatory expression of the anther-specific region. In the present investigation the male sterile gene appears to favour continuation of meiosis in all the male sterile plants assessed, but gene action seems to be only in microsporogenesis for MS and MS 2 , while it is both in microsporogenesis and microgametogenesis for MS 1 . Further, DAPI staining indicated the validity of the acetocarmine staining technique for assessing male sterility, and the results of pollen viability also suggested that the established staining methods are good measures of assessing metabolic activity in male sterile plants in comparison to the control. However, irrespective of gene action, the induced male sterile mutant type of U. picta is significant, as it possesses traits like complete male sterility, female fertility and monogenic recessive inheritance of the trait.
